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© improved amphoteric starches and process for their preparation. 

© "Improved amphoteric starch derivatives containing tertiary amino or quaternary ammonium groups and 
entente phosphate groups are disclosed. The derivatives which are defined by a minimum bound phosphorus 
content, a minimum viscosity and other criteria have 'use as wet-end additives and provide Improved drainage 
properties In the manufacture of paper, 
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IMPROVED AMPHOTERIC STARCHES AND PROCESS FOR THEIR PREPARATION 



This Invention relates to Improved amphoteric starch derivatives containing both cationic mibstituent 
groups and anionic phosphate groups. The Invention also relate* to & process far preparing those 
amphoteric starches and their use as wet^nd additives showing improved drainage in the manufacture of 
paper* 

a As used herein, the term "paper 11 includes sheeWike masses and molded products made from fibrous 
cellulosic material, which may be derived from natural sources as wen as from synthetics such as 
polyamtdes, polyesters and polyaerylic resfns, as well as from mineral fibers such as asbestos and glass. 
Also Included are papers made from combinations in ceDulosjc and synthetic materials. Paperboard Is also 
included, within the broad term "paper". 

to It has been known to add various materials, Including starch, to the pulp* or stock, during the 
papermsJdng process, prior to the formation of the sheet The purpose of such additives has been mainly to 
bind the individual fibers to one another, thus aiding the formation of a stronger paper, 

In the case of those papers which contain added pigments, such for example as titanium dioxide, It has 
been known to add materials to the pulp, or stock, for the specific purpose of retaining a greater proportion 

15 of such pigments in the paper (rather than have them drain off in the water that is removed during the 
formation of the sheet). Such additives are often referr ed to as 'pigment retention agents". 

Anionic and cationic starches as well as amphoteric starches have long been used as additives In 
papermaWng for their contributions to strength end pigment retention in the paper. See, for example, u.s. 
Patents Nos. 3,459,838 to Caldwell et al. and 3,532,103 to Moser et al. 

a> In recent years, in an effort directed to improving machine speeds, reducing drying time end generally 
Improving costs, paper makers have begun, to focus on the efficiency of water removal or drainage during 
the eheetrforming process. See, for example, the article by K. W. Brftt in TAPPI Journal* Jan 1984. p 102- 
103 and the article by A. M. Springer et ok, TAPtt Journal, Feb 19S4 p 104-103. In ordinary papermaWng 
operations employing Feurdrfnier type machines, the pulp furnish or stock Is fed from a h&adbox onto a 

ss wire screen where the web Is first formed. Water Is drained from the stock by gravity and by vacuum* 
suction* and then by pressing. Drainage efficiency is affected by a number of factors including the 
composition and pH of the famish. It can be understood that even minor Improvements In drainage 
efficiency can have significant beneficial effects on the economics of paper manufacturing dge primarily to 
the Targe volumes of paper which are* produced, 

» While starch additives of the prior art used for strength and pigment retention also show some favorable 
effects on Improving drainage performance, we have found that the use of the amphoteric starch additives 
described hereinbelow, meeting specified criteria particularly with respeqt to bound phosphorus, surprisingly 
provide Improved drainage with no untoward effects on strength or pigment retention- Testing results have 
shown that the amphoteric starch additives of tjie present invention will typically improve drainage by 20* 

as 30% over a representative commercially used amphoteric starch additive, 

' Accordingly, one object of the Invention Is to provide a process for preparing amphoteric starches 
meeting criteria with respect to molecular weight, bound phosphorus cationic degree of substitution, and 
the ratio of anionic to cationic groups, 

Another object of the Invention Is to provide an Improved amphoteric starch containing cationic groups 

40 and anionic phosphate groups meeting criteria with respect to molecular weight, bound phosphorus, cationic 
D.S., and the ratio of anionic to cationic groqpe, 

A further object of the Invention Is tq provide an amphoteric starch for use ss a weVand additive 
showing improved drainage in the manufacture of paper. 

4$ 

SUMMARY OF THE INVENTION 

The novel additives of our invention are starch derivatives containing cationic groups, together with a 
controlled amount of anionic phosphate groups. The derivatives are prepared by treating a suitable starch to 
so provide It with tertiary amino or quaternary ammonium cationic groups and thereafter treating ft with a 
selected Inorganic phosphate reagent In reacting the starch with the cationic and phosphate reagents, 
conditions must be employed to avoid crossllnWng and also avoid degradation of the starch so that in 
effect, there Is a preservation of molecular weight. The molecular weight of the starch derivative can be 
conveniently correlated to Its viscosity, as measured on a starch dispersion (2*0% by weight, dry basts) In 
potassium hydroxide (KOH) using a Broc Wield Viscometer at 1D rpm. The starch derivative herein must 
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possess a viscosity of at least 800 cps, and preferably above 1,000 cps. Viscosity measurements below 
about 8O0 are Indicative of a detrimental degradation of the starch which renders it unsuitable for use 
herein. The starch derivative must also contain at least a specffied minimum amount of bound phosphorus. 
We have found that to obtain improved drafnage. It is necessary that the star* contain at least 0.12% of 
bound phosphorua and preferably about 0.14%, If other criteria are met It appears that higher concentra- 
tions of phosphorus In the derivative lead to Improved drainage performance, 

In order to be most effective as an qdditSve In the process of our invention, the selected starch 
derivative should have a ratio of anionic, |,e., phosphate groups to cetfonic groups, (A/0) ratio, within the 
range of from about 0.13 to 0.55 moles of ! anionic groups per mole of csflonic group. Furthermore, the 
starch derivatives should be substituted with catlonic groups to such an extant that their degree of 
substitution (D.8.) i.e., the average number of esHonlc groups per enhydroglucoee unit of the starch 
molecule ranges from about 0.010 to 0.080. 

Suitable starches which may be employed In the process include, for example, starches derived from 
com, waxy maize, potato, tapioca, rtce, sago, sorghum and wheat Also included are starches which have 
higher amytose contents, e.g., 35% or more by weight of amylose. Preferred starches useful herein are 
waxy maize, com, tapioca, potato and blends of these starches. It to to be noted that the starch base 
employed herein Is usually In Its granular form, teu it should be any amylaceous materiel which has not lost 
Its granular polarization crosses and is capable of swelling. However, ft is possible In the practice of this 
invention to employ a granular starch of which a small portion has bean partially swelled by any known 
means or homogenized by subjecting it to shear. 



DETAILED DESCRIPTION 

As the catlonic substituent in our starch additive, we prefer tertiary amino or quaternary ammonium 
groups. However, other catlonic groups are operable as, for example, primary and secondary amine groups, 
eurfenlum and phosphonium groups. The preparation of aminoaJkyl ethers of starch, wherein the starch 
dertvatya contains tertiary amine groups, la described in U.S. Patent No, 2^13,093. Similarly, eurfenlum 
and phosphonium derivatives of starch are described In U.S. Patents Nes, 2,889,520 and 3,077,463 
respectively i 

It is known that quaternary amine groups may be introduced Into the starch molecule either by suitable ' 
treatment of the tertiary aminoalkyl ether 1 of starch, as described for example In U.S. 2,813,093, or 
quaternary groups may be Introduced directly into the starch molecule as, for example, by treatment with 
the reaction product of an epihalohydrin and a tertiary amine or tertiary amine salt 

Other suitable ca&'onic starch derivatives wfll be apparent to the practioner, It being remembered that 
our process may employ any starch derivative which contains a catlonic (I.e. electrically positively charged) 
!U?!£LL n ,** sterch molecule - Preferred starches herein for further substitution with phosphate groups are 
the dlethylaminoethyl ether or 24iydro*ypropyt trtmethylammonlum ether of waxy maize, com, tapioca and 
potato starch. 

As stated, the starch derivative, to be suitable as an additive to paper "pulp In the process of our 
invention, must also contain a controlled amount of anionic phosphate groups. 

Techniques tor phosphorylaUng a s&rch base are known to those skilled in the art. Thus, U.S. Patent 
N°f- 2,^370; 2,S84v412 and 8*61,440 disclose various phosphorylation techniques consisting, essen- 
tially, of heat reacting starch impregnated with a phosphate salt of an alkali metal, within a prescribed pH 
range. Above-mentioned U.S. Patent No. 3,562,103 directed to starches containing quaternary and anionic 
phosphate groups discloses a preferred method of phosphating a starch which comprises forming an 
aqueous starch slurry at room temperature and adding a suitable concentration of phosphate reagent. 
Preferably the pH is adjusted to between 4 and 3. although it is stated that a range of 4 to 11.5 may be 
used. The starch is filtered without washing and adjusted to a moisture level of about 20% or below 
preferably from about 5 to 20% by weight at a temperature of less than about 70»c. The starch-phosphate 
composition is then roasted at a temperature of 100-160*C until the product has the desired level of anionic 
phosphate groups. 

in U.S. Patent No, 4,163,173 to O. B- Wurzburg et a|„ which disclosure is Incorporated herein by 
reference, starch is pnosphorylated by an improved, pollution-free process which Involves forming a 
concentrated reagent solution of alkali metal ^polyphosphate salt and impregnating therewith a starch cake 
containing no more than 48% by weight of moisture. Drying and heat reacting the thus Impregnated starch 
provides the phosphoryteted starch. In preparing the concentrated reagent solution during addition of the 
^polyphosphate salt to the water, one or more acids ere added to control the pH at between 24 and 60. 
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Par the purpose of this invention, the phosphorylation may be carried out by any Known techniques 
provided that the heating of the starch and, phosphate salt Is carried out at a pH between 6.6 and &5, and 
preferably 6.0 to &5, and is limited to reactions of starch with sodium or potassium tripolyphosphate, 
sodium or potassium hexametaphosphato ' and sodium or potassium pyrophosphate salts yielding or- 

$ triphosphate mono-ester groups, U./mon&*tBrch phosphates, Other alkali metal salts may be used in fc 
place of sodium or potassium which are preferred as the phosphatlng reagent 

Thus, in carrying out phoflphorylafions employing an aqueous starch slurry the pH of the starch slurry 
containing the phosphorylating reagent la adjusted to about 5.5 to &6» Use of pH levels below about 5.5 win * 
result in a degraded starch white use of pH levels above about as may produce undesirable crccEltnWng, If 

« phosphorylation is to be carried out by spraying the reagent, a starch slurry is ordinarily prepared and 
ecQuated to be withfn tfie designated pH range and la then filtered. Trie reagent is sprayed onto the pH 
adjusted starch cake* The practitioner will recognise that It le also possible to prepare the filter cake at a 
slightly alkaline pH and Impregnate it with an acidic solution of phosphate reagent such that the final pH of 
the starcrhphpsphate reagent mixture Is within the defined pH range, TTie specific reagent used may require 

is adjustments of pH levels. For example, sodium tripotyphosphate (STP) has limited solubility In water (14.5 
g/cc at 25° 0). In order to achieve higher scflds solutions, the pH is maintained at 4.0*6.0 by addition of acid 
such as HC! or H3PO4 during dissolution of the salt. In contrast, sodium hxametaphosphate (NaPOaJe chows 
very high solubiqty and qoncentrated solutions (2Q-3B%, by weight) can be prepared with no pH adjustment 
The 'amount of phosphorylating reagent used will depend on the reagent and Is selected so that the 

so resultant starch derivative contains at least 0-1 a% of bound phosphorus. By the term "bound phosphorus" 
we mean phosphorus which is attached by an ester linkage to a hydroxy! group of the anhydroglucose 
backbone of the darivatized starch. 

Most commonly, the amount of phosphorylating reagent employed will range from about 0,5 to 12% by 
weight of dry starch. For example, treatment of waxy maize with 3.5 to 4,0% of sodium tripolyphosphate will 

£5 give a starch containing 0.14 to 0.22% of bound phosphorus. The starch cake containing the phosphorylat- 
ing reagent Is dried to a moisture Isss than about and preferably from about 2,0 to 7.0% prior to the 
required heat reaction or roasting at higher temperatures. Ordinarily, the dry mixture of starch and 
phosphorylating reagent is heated to temperatures of from about 1ir>140 B C and preferably will range from 
about 130*1 35 8 O during the phosphorylation reaction, The heating period may range from 0,1 to 4 hours or . 

so more depending on the selected reagent pH, tempsrature r etc. Care must be taken to avoid prolonged 
heating at higher temperatures of the starch-reagent blend^during the phosphorylation reaction to avoid 
possible degradation of -the starch. Higher] temperatures and/or longer heating periods can be tolerated 
when the pH of the blend Is within the upper portion of the designated pH range. 

The starch additives of our invention may be effectively used for addition to pulp prepared from any 

38 types of cellutosjc fibers, synthetic fibers, or combinations. Among the csllutaalc materials which may be ■ 
used are bleached end unbleached sulfate (kraft), bleached and unbleached sulfite, bleached and un- 
bleached soda, neutral sulfite, semi-chemical, ohemlground wood, ground wood or any combination of these 
fibers. Hbers'of the viscose rayon or regenerated cellulose type may also be ussd if desired. 

Any desired inert mineral fillers may be added to the pulp which is to be modified with our Improved 

40 starch derivatives. Such materials Include day, titanium dioxide* talc, calcium carbonate, calcium sulfate and . 
diatomacsoue earths. Rosin may also be present rf desired. 

With respect to the proportion of the starch derivative to be Incorporated with the paper pulp, we have 
found that this may vary in accordance with the particular pulp Involved. In general, we prefer to use about 
0.05 to 1.0% of the starch derivative, based on the dry weight of the pulp. Within this preferred range the 

45 precise amount which Is used wfl! depend upon the type of pulp being used, the specific operating 
conditions, and the particular end-use for which the paper is intended. The use of amounts of starch 
derivative greater than 1%, on the dry weight of the pulp, Is not precluded, but is ortBnerily unnecessary in a 
prder to achieve the desired Improvements. The described derivatives are used as wefrend, beater 
additives, although they also may be added to fre pulp while the latter Is In the headbox or hydropuiper. 

59 When added In the proper concentrations, our starch derivatives serve to increase pigment retention and 
paper strength, while significantly Improving drainage efficiency in the papermafdng process. 

Thus it is seen that the starch derivatives employed In our process containing cationio and anionic 
groups In carefully balanced ratios and meeting other specified criteria relating to bound phosphorus and 
preservation of molecular weight, yield a combination of benefits In the manufacture of paper. The wetland 

ss additives of our invention not only provide pigment retention and strength to the paper but surprisingly 
provide improved drainage performance noij obtainable with amphoteric starch additives of the prior art 
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In the examples which follow, the bound phosphorus was determined on washed starch samples which 
were burned by SchSnlger combustion, and. the percent phosphorus was determined oolorlmotrleefly by 
forming molybdophosphorlc eomplexeg or determined by stomic emission spectroscopy. 

All viscosity measurements of the starch derivatives were determined by a procedure using 8* g (db) 
of swashed, salt free starch sample suspended In SO ml of distilled water. The stareh'and water are stirred 
at 860 rpm using, a mechanical stirrer with a flat stainless steel paddle (IAS* m height, 15* at the top 
tapered to 1.0* at the bottom). While the starch mixture is stirring, 60 ml of &0 N KOH are added and 
stirring is continued for a total of 9 mmutss starting with the addition of KOH. The viscosity of the dispersion 
Is measured at room teimperature within a 0.5 hours of adding the KOH, using a RVT BrookRetd 
Viscometer employing a No, 4 spindle at 10 rpm. 

Drainage performance of the various additives was carried out employing a firm Jar modified by having 
an extended mbdng cylinder and an agitator, set at 850 rpm. Unbleached softwood Kraft is beaten to a 550 

1 iTL^l^^fJ 0 0>5% C0n8i3tan °V- N»m (3-3* BY weight of the pulp) is added to the stock and the 
pn is adjusted to 5.5. 

An amount of starch to be evaluated (1.0* db by weight of fiber), cooked for about 20 minutes, Is 
added to a 345 ml aliquot of the pulp suspension whh agitation. The suspension is then added to the Brltt 
Jar which already contains 1 ,500 ml of wafer and the agitator is turned on. A stopper is removed from the 
base of the jar and the time required for 1400 ml of water to drain through the wire screen In seconds Is 
n °^r_L drainage rats la calculated In terms of ml/sea. In the examples, drainage efficiency or 
performance is expressed as % of the control. ' 

The following examples will further Illustrate the embodiment of this Invention. 



EXAMPLE I 



This example illustrates the preparation of four amphoteric starch derivatives of the present invention 

T^^J^" 69 ^ T° process * ** 5nvert, " on - Additionally, the example Illustrates the effect of 
phosphorylation pH on the drainage performance of the resulting starch derivative. 
„ 7"®, f ® ,kw l n 0 Inoredtents were charged into a reaction vessel fitted with means for heating and 
meonamoai agitations 

Waxy maize (about 10% moislure).,.,.».7,50D g 

Water . m ., n ^ miMIIIH , IH , IM|nl 8,200 ml 

Under agitation, the slurry temperature was raised to 37'C end the pH was raised to 11.2 to 11.5 usina 
an aqueous solution of sodium hydroxide (4% by weight). Whh agitation, 600 g of a 50% by wetaS 
aqueous solution , cf dteth^i^iohloride HCl (DEC) were added to the slurry -while maintaining the pH 
ZZH 1 «?1 If' I* 9 l&tt * r mWure was *! l^,w « , to react at 37«C for 17.6 hours. The final pH of fl* 
11 * *!° was completed, the pH level was adjusted to pH 7jo with dilute <io*> 
nyorochiorte acid and Altered. The cate was washed with 16,500 ml of water and elrtrfed at room 

STSf?^ T«.^I?«. h8W 8 tm>Bm o0ntant * * *olght on a dry basis (db), corrospon* 
ing to a cafionjQ p,s. of 0*038. 

general pmSSSrS ***** vvoro ptioaphorylatod at pH levels of from 5.0 to 7.4 by the following 

SlunlBs ware prepared by edeflng 1,800 g of starch to 1300 ml of water, followed by the addition of 60 
g or sqenum trtpolyphosphete (STP), The pH of each slurry was adjusted as indicated In Table I using 10% 
hydrochloric acid. The slurries were filtered and the starch inter cakes were flash drfe* at about 82-89'C to 

3 # r 2ro Ure °° ntent 01 Bp0 w 7,0% ' BasBd °n Phosphorus analysis of the dried starches, approximately 36 g 
of 8TP ,were retained on the starch* 

The dryheat phosphorylation wss carried out In an oil-jacketed reaction vossbI equipped with a 
mwhanlcai stirrer. The Jacket was heated- to 16*170-0. The STWmpregnated starch was added to the 
nested vessel, allowed to stir gently until the starch temperature reached 133«C, (approximately 13-15 
minutes) ana; was then artowed to cool to room temperature. 

The bound phosphorus, viscosity and drainage performance were determined as described above with 
the results summarized In Table I. 
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TABLE I 

Drainag 

$ Adjusted % Bound Vise. Efficiency 

s ample dH Phosphorus A/C cps» % of Control 

Control* 0.10 0.173 . 400 . 100 

to A 5.0 0.20 0.273 400 88 

B 5.5 0.20 0.273 l r 400 121 

C 6.0 0.17 0.233 1,500 127 

15 

D 6.5 0.17 0.233 2,400 126 

E 7.0 0.17 0.233 2,050 131 

so P** 7.4 0.17 0.233 2 f 400 124 

* The control id waxy maise containing about 0.26% cationlc 
tertiary nitrogen (D.S. of 0.030) and about 0.10% of bound 
ss phosphorus. 

** Sample P was heated tp 131°C in 40 minutes during the phos- 
phorylating heat reaction. 



so 



35 



40 



SO 



The data in the above table Indicates that a pH level lower than about pH 5-5 during the phosphorat- 
ing heat reaction leads to a degradation of the amphoteric starch. Thus, Sample A which was phosphorat- 
ed at pH 5.0 show* a drainage performance which la significantly lees than that of the control. 

EXAMPLE If 

This example niuBtratee the preparation and Improved drainage of an amphoteric starch of the Invention 
containing quaternary ammonium eationla groups. 

The following Ingredients wer* charged Into a reaction vessel fitted with means for heatmg and 
mechanical agitation: 

waxy maize (about 10% moisture),,, 2,500 g 

water 8,750 ml 

Under agitation, the slurry temperature was raised to 43°C and the pH was adjusted to 1 1.2-1 1£ using 
an aqueous solution of sodium hydroxide (4% by weight). With agitation, £03 g of a 60% active, aqueous 
solution of 3*htaro^tiydroxypropyltf methyl ammonium chloride were added and the mixture was allowed 
to react at 43°C for 24 hours. The final pH of the system was After the reaction was- completed, the 
slurry was neutralised to pH 7.0 with 10% hydrochloric add and recovered eg described in Bcampla I TTie 
final product was found to contain 0.32% nitrogen by weight (db) corresponding to a cationlc D.8. of 0,037. 

About i ( doo g of the quaternary ammonium starch was slurried In 1,250 ml of water containing 40 g 
STP at pH 7$. After filtering, flash-drying and heating as described in Example I, the starch was allowed to 
cool to room temperature. The starch contained 0.14% bound phosphorus Hs viscosity was 2,700 cps, and 
tha NO ratio was 0.198. Drainage performance was 128% of the control of Example I. 
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EXAMPLE 111 

In this example, a cafionle starch base was phosphorylfitad by Impregnation with the phosphorylating 
reagent to produce the amphoteric atarch derivative of the Invention. 

s ' CaKonic waxy maize (1,200 g) was prepared by reaction with DEC as described in Bwmple I except 
that the final slurry was neutralized to pH B,o ? filtered and not washed. A solution of STP reagent was 
prepared by dissolving 48 g of the salt In 156 g of water while maintaining the pH at CO, The solution waa 
sprayed onto the starch filter cake, and the etaroh-STP blend was flasfrdrfed and heat. reacted as described 
in Example I. The pH of the starch*STP blend prior to heat reaction was 6£. The blend was heated and 

to reached a temperature of 133°C in s minutes and was then allowed to cool to room temperature. The 
amphoteric starch contained 0.17% of bound' phosphorus and its viscosity was 2,000 cps. The A/C ratio was 
0.233, Drainage performance was 130% of the control of Example L 



*5 EXAMPLE IV 

This example Illustrates the use of various starch bases and various nltrooen contents In preparing the 
amphoteric starch additives of this Invention, . 

Samples of potato, tapioca and waxy maize were catforicslly substituted as described in Ekamplea I or 
so II, The phosphorylation reactions were carried out as described hi Example ill. The samples and test results 
are summarized In Table II. Drainage efficiency was measured against the control of Example 1. 



TABES II 



Starch % Bound 
Sample Base Phosphorus 



A/C 



% N 
Tert, 



Drainage 
% N Vise, Efficiency 
Ouat. CPS ■ % of Control 



A 


Potato s 


0.18 


0.233 




0.35 


1,200 


131 


B 


Potato 


0.15 


0.322- 




0.21 


1,350 


123 


C 


Tapioca 


0.16 


.0.425 




0.17 


800 


122 


D 


Tapioca 


0.16 


0.278 




0.26 


1,000 


129 


E 


W. Maize 


0.14 


0.253 


0.25 




1,650 


136 



Starch % Bound 
Sample Base Phosphorus 



TAB LB II (cont'd) 
A/C 



% N 
Tert, 



P 

G* 



W. Maize 
W. Maize 



0.18 
0.06 



0.280 
0.Q8S 



0.29 
0.32 



Drainage 
% N Vise. Efficiency 
Quat. cps. % of Control 

1,500 135 

2,300 100 



♦Sample G does not inset the bound phosphorus specification and is 
not within the scope of the present invention. 
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EXAMPLE V 

This example illustrates the use of sodium hexametaphosphste as the phosphorylatSng reagent 
Waxy make starch (1,200 g) was reacted with 4% DEC on the starch (db) as described in Example I. 
s After the reaction was completed, the pH level was adjusted to pH 7.0, Altered and was used In the 
phosphorylafing step without washing. The nitrogen content was 0£S% (db). " 

An aquaous solution of sodium hexemetaphosphate (SODAPHOS*, supplied by Ffc/lC Corporation), was 
prepared by dissolving 48 g of the reagent In 100 ml of water. The phosphate solution having a pH of 7.0 * 
was sprayed onto the cationic starch filter cake as described in Example lit. The starch was heated and 
to reached 1S4-0 in about 7 minutes during the heat reaction. The starch contained 0.14% (db) of bound 
phosphorus, The A/C ratio was 0,102%, Drainage performance was 124% of the control of Example I. 
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EXAMPLE VI (Comparative) 



This example shows the unsuRability of sodium orthopbosphate as the phosphorylatlng reagent tor 
preparing the starch derivatives of the present Invention. The use of sodium orthophosphate to prepare 
amphoteric starches Is described in U.S. Pat No. 3,583.103 to Moaer et a). 

A catfonlc waxy matze starch containing; 0.32^ nitrogen by weight (db) corresponding to a cationic D,S, 
20 of 0.037, as prepared In Example II above, vyas used herein. 

About 1,100 g of the quaternary ammonium starch was slurried In 1,200 ml of water, and 14,4 g of 
dlsodlum hydrogen phosphate and 81.4 g of sodium dihydrogen phosphate were added while maintaining 
the pH at S.6. The slurry was filtered and the cake dried to a moisture content of about 10%. Based on a 
phosphorus analysis of the dried starch, approximately 63% of the phosphorus salt was retained on the 
starch. The dry heat reaction of the phosphate impregnated starch was carried out In a draft oven pre- 
heated to 145'C keeping the starch (spread, on trays) in the oven for 60, 90 and 120 minutes, samples A, B 
and c respectively, and cooling to room temperature. 

The bound phosphorus, viscosity and drainage performance of these amphoteric starches were 
determined with the results summarized as follows: 



H ™f ting % Bou ^ Vise. Efficiency 

Sample Time Phosphorous A/C epg . ft of Control 

A 60 min, 0.09 0,127 600 . 83 

B 90 min. 0.1*6 0.226 200 82 

C 120 min. 0,18 0.254 150 90 
»— — ■ 

40 * The control is the waxy maize control of Example l« 



The orthophosphate reagents require longer heating and higher temperatures as compared to sodium 
trlpolyphostfste which reads to degradation of the molecular weight (evidenced by the low viscosity of the 
45 samples) and Toss of drainage performance. • 

The skilled practitioner will recognize that variations and alterations may be made without departing 
from the scope of the invention as defined by the following claims. 

eo Oaime s 

1. A process for preparing an amphoteric starch derivative which comprises! 
(a) providing an aqueous slurry of a etarch derivative containing tertiary amino or quaternary 
ammonium cationic subsftuent groups having a 0,8. of from about 0,01 0 to O.080, 
& (b) adjusting the pH level of the slurry to about pH &5*8.5, 

(c) adding to the aqueous starch slurry a phosphate salt selected from the group consisting of 
triphosphate, hexametaphosphate, and pyrophosphate alkali metal salts, while maintaining the pH level 
at 0,9-8.61 
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and 



(d) filtering the slurry, 

(o) drying the resultant cake to a moisture of 9*0% or below, 

(f) heat reacting the dried starch et a temperature of about 1 10-140°C for a period of 0.1 to 4.0 hours, 



* <g) recovering the amphoteric starch derivative, wherein the resultant starch derivative has a bound 

phosphorus content of at least 0.12%, a viscosity of at least 800 ep$, and a ratio of anionic to catlontc 

groups of from about 0.13 to 0.55. 

2. The process of Claim 1 wherein step (a) the starch derivative contains tertiary amino groups and is a 

disthyleminoetfcyl ether of starch, 
ro 3. The process of Claim 1 where In step <a) the starch derivative contains quaternary ammonium groups 

and is a 2-hydroxypropyl trimethytammonium ether of starch. 

4. The process of Olaim 1 wherein derivative employed In step (a) Is waxy maize, com, tapioca or 
potato starch 

5. The process of Claim 1 wherein step (c) the slurry la adjusted to pH level of 6-0-8.0, and the starch 
?s derivative of step*(g) has a bound phosphorus content of at Isast 0,14% and a viscosity of at feast 1,000 

ops, 

6. The process of Claim 5 wherein the starch derivative of step (a) contains tertiary amino groups and Is 
a dlethylamlnoethyl ether of starch. 

7. The process of Claim S wherein the starch derivative of step (a) contains quaternary amino groups 
20 and is a 2-hydroxypropyl trlmethylammontum etfier of starch. 

8. A process tor preparing an amphoteric starch derivative which comprises: 

(a) providing an aqueous slurry of : a starch derivative containing tertiary amine or quaternary 
ammonium cafionlc sqbstttuent groups having a D.S. of from about 0,10 to 0.80, 

(b) adjusting the pH level of the slurry :to about pH 5*5-8.5, 

& (c> filtering the slgny to provide a starch o^ce containing no more than 45% of moisture, 

(d) forming a reagent solution of an alkali metal trf polyphosphate or hexametaphosphet© salt which 
comprises water and 20-36% by weight of said salt, 

(e) adding 2-30% by weight of said reagent solution based on the weight of the starch to said starch 
cake to achieve efficient impregnation of the starch cake, 

so (0 drying the resultant cake and heat reacting the dried stach^salt mixture which has a pH of 5.5 to 

as at a temperature of about ntM40°G for a period of 0.1 to 4.0 hours, and 

(g) recovering the amphoteric starch derivative, wherein the resultant starch derivative has a bound 
phosphorus content of at least 0,12%, a viscosity of at least fiOO cps, and ratio of anionic to cationic arouos 
offrom 0.12 to 0,55. 

sb 9. The process of Claim S wherein step (a) the starch derivative contains tertiary amino groups and Is a 
diathylaminoethy) ether of starch. 

10. The process of Claim a wherein step (a) the starch derivative contains quaternary ammonium 
groups and is a 2-hydroxypropyl trlmethylsmmonfum ether of starch, 

11. The process of Claim 8 wherein the starch derivative employed In step (a) ia waxy mafee, com, 
-40 tapioca or potato starch, 

12. An amphoteric starch derivative containing tertiary amino or quaternary ammonium cation Ic groups 
and anionic phosphate groups wherein said starch derivative has a D,S- of catlontc groups of from about 
0.010-0080, a bound phosphorus content of at least 0.12%, a viscosity of at feast 800 cps, and the ratio of 
anionic to catfonic groups is within the range of from about 0.12 to 0,55 motes of phosphate groups per 

45 mole of cationic group. 

13. Hie starch derivative of Claim 12 wherein the starch is substituted with dlethyfaminoethyl ether 
groups and contains a bound content of at least 0.14%. 

14. The starch derivative of Claim 12 wherein the starch Is substituted with 2-hydrwypropyl 
trimethylammonlum ether groups and contains a bound phosphorus content of at least 0.14%. 

so 15. The amphoteric starch derivative of Claim ifi wherein the starch is waxy maize, corn, tapioca or 
potato starch. 

16. In a process for maidng paper, the step which comprises adding to the stock prior to passing the 
stock onto the wire screen, a starch derivative containing tertiary amino cr quartamary ammonium cationic 
groups and anionic phosphate groups wherein raid starch derivative has a D.S. of cationic groups of from 
55 about 0.010-0.080, a viscosity of at least €00 cps, a bound phosphorus content of at least 0-12%, and the 
ratio of anionic to cationic groups is within the range of from about 0.12 to 0.55 metes of phosphate groups 
per mole cationic group. 



0 



0 257 333 



Claims for the following Contracting States : AT; ES 

I. A process tor preparing an amphoteric starch ctan'vatfvo which comprises! 

(a) providing an aqueous stony of. a starch derivative containing tertiary amino or quaternary 
ammonium cationio substituent groups having a DA of tarn about 0.010 to 0.080, 
adjusting the pH level of the slurry : to about pH 6.8-8,5, 

(c> adding to the aqueous starch slurry a phosphate salt selected from the group consisting of 
^polyphosphate, hexametsphosphate, and pyrophosphate alkali metal salts, white maintaining the pH level 
at SJ5-8J5* 

(d) filtering the slurry. 

<©) drying the resultant cake to a moisture of 8.0% or below, 

(f) heat reacting the dn'ed starch at a temperature of about 1 l(M40 tf C tor a period of 0.1 to 4*0 hours, 
and 1 

(9) recovering Hie amphoteric starch derivative, wherein the resultant starch derivative has a bound 
phosphorus content of at least 0.12%, a viscosity of at least 600 cps, and a ratio of anionic to cotfonlc 
groups of from about 0.1 a to 0*55. 

a. The process of Claim 1 wherein step <a) the starch derivative contains tertiary amino groups and is a 
dfethyiaminoethyi ether of starch. 

3. The process of Claim 1 where In step (a) the starch derivative contains quaternary ammonium groups 
and is a 2-hydroxypropyl trimethyjammonium ether of starch. 

4. The process of Claim 1 wherein thp starch derivative employed In step (a) la waxy maize, com, 
tapioca or potato starch. 

s. The process of Claim 1 wherein step (o) the slurry Is adjusted to a pH level of 0.0-&0, and the starch 
derivative of step (g) has a bound phosphorus content of at least 0.14% and a Viscosity of at least 1,000 
ops. 

6. The process of Claim 5 wherein the starch derivative of step (a)- contains tertiary amino groups and (e 
a cflethylamlnoethyl ether of starch, 

7. The process of Claim 6 wherein the starch derivative of step (a) contains quaternary amino groupe 
and Is a 2-hydroxypropy* trlmethylammonlum ethpr of starch. 

& A process tor preparing an amphoteric starch derivative which comprises: 
(a) providing an aqueous slurry of a starch derivative containing tertiary amino or quaternary 
ammonium catlonlo substituent groups having a D.S, of from about 0-10 to 0.80, 
<b) adjusting the pM of the slurry to about pH 5£*8£, 

(o) filtering the slurry to provide a starch cake containing no more than 46% of moisture. 

(d) forming a reagent solution of an alkali metal tripoiyphosphate or hsxemetaphosphate salt which 
comprises water and 20-36% by weight of said salt, 

(e) adding 2-30% by weight of said reagent solution based on the weight of the starch to said starch 
cake to achieve efficient impregnation of the starch cake, 

(f) drying the resultant cake and hear reacting the dried staoh-salt mixture which has a pH of &S to 
8-5 at a temperature of about 11 0-140°C for a period of 0.1 to 4.0 hours, and 

(g) recovering the amphoteric starch derivative, wherein the resultant starch derivative has a bound 
phosphorus content of at least 0.12%, a viscosity of at least 800 eps, and ratio of anionic to canonic groups 
of from 0.12 to 0.55, 

9. The process of Claim 8 wherein step (a) the starch derivative contains tertiary amino groups and Is a 
cfiethylaniincethyl ether of starch. 

10. The process of Claim 8 wherein step (a) the starch derivative contains quaternary ammonium 
groups and is a a-hydroxypropyl trimathylammonlum ether of starch. 

II. The process of Claim 8 wharein the starch derivative employed in step (a) is waxy malae, com, 
tapioca or potato starch. 

12. in a process for making paper, the step which comprises adding to the stock prior to passing the 
stock onto the wire screen, a starch derivative containing tertiary amino or quaternary ammonium cationic 
groups and anionic phosphate groups wherein said starch derivative has a D.S, of cationic groups of from 
about 0410-0.080, a viscosity of at least 800 ops, a bound phosphorus content of at least 0.12%, and the 
ratio of anionic to cationic groups is within the range of from about 0.13 to 0.55 moles of phosphate groups 
per mole of cationic group. 
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